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(54) Title : METHOD OF TRANSFORMING MONOCOTYLEDON 
(54) ^^CD^IS; 

(57) Abstract 

A method of transforming monocotyledon which necessitates only a short period from the transformation to the generation 
of a plant body as compared with the conventional methods, thus reducing the frequency of occurence of mutants, and can be 
generally applied to the plant for which any system of regenerating the plant body from the protoplast has not been established, 
and in which the material to be used can be readily prepared. The method comprises transforming cultured tissues of a monocoty- 
ledon under or after dedifferentiation with a bacterium of the genus Agrobacterium containing desired genes. 
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^(C'f ^^d^A^iiTVN^ (Toriyama R. et al.. 1988; Bio/Technol. 6 
: 1072-1074. Shimamoto K. et al., 1989; Nature 338:274-276. Rhodes C. A. 
et al., 1989; Science 240:204-207). L*>LJ6c*«t>» ^<D^J£(i, 1) h 

afc*«PEGH^t>o/c;i^-eMJS:S. ^lA^^fixP^ h njJ^l^-S/ a >^J: »J {± 

>-^3 ^/^^l^^gl^^g/^^^o (Zhang W. et ah, 1988; Theor. Appl. Gene 
t. 76:835-840, Datta S.R. et al.. 1990; Bio/TechnoL 8:736-740) . 

-5. (SeoT. ISaWt-tt*e»«)-5Jja«S**f^tcJ^S<gSi«:fT^Ci:*<-T?#. 
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^*&^S:ifci|<!Lfc-r— afJiJSeVNCGordon-Ranun W. J. et al., 1990: Plant Cell 
2:603-618, Fromm M.E. et al., 1990; Bio/Technol. 8:833-839, Christou P. 
et al., 1991: Bio/Technol. 9:957-962) . 

^<Dm(D:^mt,LXlt. 1) S^, Ki:DNA©#^^^(Topfer R. et al., 

1989: Plant Cell 1:133-139, Ledoux L. et al., 1974 Nature 249:17-21) . 
2) (Luo and Wu 1988: Plant Mol. Biol. Rep. 6:165-), 3) 

UjHV— Aife (Caboche M. 1990: Physiol. Plant. 79:173-176, Gad A. E. et 
al., 1990:177-183)&tf4) V-T ^ n-f S^i 2^ a (Neuhaus G. etal., 

1987: Theor. Appl. Genet. 75: 30-36 )*«*.«.*«, ?^5tlEgl©»45, HM^. 1h 

^ll*i%®*{l|S€>tl, ^^Wmii\Z.\X%^\^tt\,^iL^i(\.X\^:h (De Cleene M. 
1976: Bot. Rev. 42:389-466). 

T^nA^^xU '>A{cJ:«»m^lltt'fe(Dj^MIEIfetiMLTl±T;^>'^5:ifx (By 
tebier B. et al., 1987: Proc. Natl. Acad. Sci. USA: 84: 5345-5349). ^LT 
•VA (Dioscorea bulbifera)(Schaferw, et al. , 1987; Nature 327: 529-532 )-e 

&Jfc^r^i: gFtiTV^-S (Potrykus I. 1990; Bio/Technol. 8:535-543) . 

Grimsley et al, 1987: Nature 325:177-179{±7i''a ^t^^f- y 15 AoT - DN 
AfO't'JC h-^^EP^S^j^. h ^'J;-r;i'X (Maize streak virus) CDDNASr^ 
Ab;^c%05: h':'=EP3 2/(7)^ft^{zg?SU^ci:c^. h-^^pni/;?. h y-^ 
^'-r;i/XCD^SJ'S:SSSL;tC i:=S:^'&LT(.^-&. h P 3 2/7. h U — 

©lifgi^miiT^D^'^^f-y '>A*Sh'>'En3S/(zDNAfeSA-r-5wil*«-e^ 



wo 94/00977 



PCr/JP93/00925 



L:^^t^M%^< (Grimsley et al.. 1988: Bio/Technol. 6:185-189), ^miz 
ltT^nA^7^V^J^<D-:/^7.$. K«)vi^Cite^*^^fi:^^-e^>SC^%^tfi (Gr 
imsley et al., Mol. Gen. Genet. 217:309-316). 
Gould J. et al. (1991; Plant Physiol. 95:426-434) (± h «> 3 2/<D^lg 

Mooney P. A. et al., (1991; Plant Cell, Tissue, Organ Culture 25:209-21 
8)l±, TVuJ^i^T-V !>ASrffi^^T/^^®JEtC557:^^-f iy>^^^^^(Dmx 

Raineri et al. (1990; Bio/Technol. 8:33-38) (i-T *<DJEI8{r#F*-3ltfe^ 
, MmMitCOT^nj^^T-V^J^AlB 1 (pTiBo542) «r-i'>(3D 8 aStr^ltSL 

tJSci^-^fc. ^ne><OC: ii*^?>, Ti''n/^^xU '^ACT-DNAiW^jaSISt- 
y C J: S 3ta^=^^ A*«irtBT * « w i: «: gtlgei- -5?ifr^S[^*«mnT t T « 
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-5)^:^:5:^ tT ii (i-Sv^ii^^ (Potrykus I. 1990; Bio/Technol. 8:5 
35-543) . 

i:^^■5fe^^±*««>'5.. ^^^^ Z(D*i6li-/n h*»e»<DS4)'^b^*«lflic«5 

. h'^'EnnS/tC^^bXti. ^ft^Jlfl«^5:^i.^-2» 3 ai*«^*-t> tiT^^S (Gould 
J. etaL, 1991). C**L. ^^M.^mik1r^V^mt^ <<omiJ^mi^^ :^fitc 
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-5- 

Mmm-r^<ox. zfu \'-:f^7.v^mmMM-r^m'^\zit^xmmwn±^x<D 

flit. -8u®-r ^<D&,m<D^'^ izmmtmmtsi&mtz^iis^^^^x^m'j'imx 
-r^zm^mztji^tz. ^^(DmnmiztsMr^^-^iz. mm^jinm 

HI {±. i^mm<D:^^\zm^^^ziLii^x^^T^uA^7-') ^^AjsasMt-^* 

KpTOK2 3 2(D#ISI:J^«feS:^f@-e*'5. 

Xi>^X%X<. mx\t. ESI, ^H, *38iE, ras.rm**cD%<D5: 

^ifsci:*«T#<s. iifimmxm^^hf\>^^mm.Uii\.x\t. WL^immmi^\,z 
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T^^-e*>»J. -^itlfNe^* (ChuC.C. 1987; Proc. Synp. Plant Tissue Cu 
Iture, Science Press Peking, pp.43-50)<7)illl8im^^RtKtra' ^ 2 m 

g/i 2, 4-D. ig/i*if^>'^. zogyi-ynm. 2g/iy;V7 

-f l-*^JPLfe^«&&tFLSm (Linsmaier, E.. and Skoog, F. 1965; Physi 
ol. Plant 18:100-127) <Dmm^AV\£^ 0 0 m g/ 1 *1f ^ >' 

7 0 Omg/1 3^nU>. 1. 5mg/l 2, 4-D. 20g/lJ/a«> 2 

bacterium tumefaciens 43fe(DT i ^5;^ ^ K® l^-f ^H^>;^«« (vir 

K»f *BHmglit^t-J:UT i ^57.^ K«f Cin vivo_-C#At5*T'*t) 

<DT?*«>. *iilSgB#€)li, ^fell. Agrobacterium tumefaciens A281j^V^ 

';>mmU^(0. ^'SSMmiWmtsbXn^^m (Hood E.E. et ah. 1984; Bio/Te 
chnol. 2:702-709, Hood E.E. et al., 1986; J. Bacteriol. 168:1283-1290. K 
omari T. et al., 1986; J. Bacteriol. 166:88-94, Jin S. et al., 1987; J. 
Bacteriol. 169:4417-4425, Romari T- 1989: Plant Science 60:223-229 ATCC3 
7394) IC-&**V«T i -5^5 A $ KpTiBo542 (Jin S. et al., 1987: J. 
Bacteriol. 169:4417-4425) 0«y-f ;Hx V7.«^ (vir W^) **<DDNAM« 

ik^t3^{;9- (*ijiiJfiii*tcte<r^-r. za^^^^-^ r7.w<-/^-f •^-u-^^' 

nn^Z-illfiib^) *MI6b/t (1^BS¥4-2 2 2 5 2 7#) . J:^ 



Z©i:^3&X->'^--'^-f:^y— ^^^f-^)^^ LTpT0K162 (4#ra¥4- 2 2 
2 5 2 7-t. BkiW^fff ^88^50 4 8 6 Jf^ffliNffftfJlS^ 0 7 / 8 5 4 , 8 
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MMR tfAgrobacterium tumefaciens «f "eiiJinrte-e* «pT0K154 H^Htl^-f 
(T i zf'yy^^ \^i)^^mm^titz{&iBa(Dt>GkA72:/'y:^^ KfcpVCKlOl t. 

'^t}^^^^ K) l-pTiBo542(D'^-f ;wb>x^ii^*3fe<DgE(c^ n — >'^b$^^TV^ 
tz±mi 5. 2=3fP^-:?<.©Rpnl»f>t (virB. virG. virC^S-Jte^fe-^tJ) 'feiSfl 

sp T.^^f^y v^s/>^fit&atig^ 

HPT /N-f ^OV-f 

NPT iJih-^-fi/Z^tm^B^ 

Tc xh5if-r ^ y vffistteate^ 

IG ■OhuyGVSmB^ 
BR T-DNA©:&d<— SB^J 
BL T-DNA(J!>:S£d<— Ba3?!l 

virB, C, G SS^MttT^D-'^i^T^y '>ixA2 8 1 *3|50v i r^i^ 

o R I c o 1 E 1 (ommmm^ 

COS^Jxfrz7r — P<DCOS^1<L 

K MHa^^Kp n igpfii 

H MiS^I^H i n d lll miiL 

PT0K162 (Di^fl. :^M-T?^SC<D0JM{4«:lfo%(D{i. jim^OIJ- □ 
^0#ifeT?(imii<ODNA<& T^^rttc^A-T'S iid^'iM* L%^^T?{4?&:v^z 
w©«fc ^ '5ci©'o {~l±» Agrobacterium tumefaciens MMP^Oiin vivo 
l^-CflDffl^ffi^jL (Herrera-Estreila L. etal., 1983; EMBO J. 2:987-995, H 
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orsch R.H. etal., 1984; Science 223:496-498) =fc^affi-r S Z i: (c J: 0 . St^ 

0K162 fr Agrobacterium tumefaciens tlSAb'CfcV^T. Z<OMiZ.^ hizMMT) 
NAS:^AL;fepBR322i:lfflf*iS:/5X^ K (SiacDy^X ^ K'&'&tJ) 
-rs. PT0K162 ®DNAlctipBR322i:*i^J6cfiP^*«*«a)T?, pBR322^#{*c{±*B 
l^ia^J«r:rt-b;tffi3!*^gl^{-J:ypT0K162 (rSffl^ji* tiS - ^ pBR322{4pT 
0K162 ^S?k*J Agrobacteriuin tumefaciens cfi-eti^gSSlt?^ JJc V^®^?. ZKDJ:-^ 
<cJ!sa*^5i*n;tttfl8 (pT0K162::pBR322 ti- jxtfAerobacteriu 

o tumefaciens C i:*«-e#JScir>. •ett, pT0K162 i:pBR322^S«: 

(DJE-ti^*l{c<f#S«J<cf#ft (iiaaiSft^) ^COV^-C3l^•r4^(^, pT0R162::pBR32 
2 «Batt»:&-j-a Agrobacteriuip tumefaciens i:**'^^ ^feli, pT 

0R162 »:#-^-5 Agrobacterium tumefaciens {C#a<^:^5;^^ K5:llAbT5f^ 
LtztZ^. pm22^mW(Omm^-*'-i^LXlt. h ^^X^KV^^Tn 7 (De 
Greve H.H. et al., 1981; Plasmid 6:235-248)**<Z);«.^^ v-T 
jt-e^ (SP) *««*iTvx-5z:i:*t#iIiaLfc. «6oT, -f^lzmMo^^B^i^pi 

R322{z^a->'^b^E*lTv^*s^^-»i, s pae^fe^oy^T.^ F{i»A-rti 

If. Agrobacterium tumefaciens rt<0*BRffilfe^ 11 J: U , pT0R162 ©TlS^tl^ 
MtDite^^^AT'SwildSTt'g). t;^::^a)fi6(Z)J^-a-{H±, pBR3226*®DN 
Ai: S P3tfe^*^t>afiS^ttS:^5:^^ K5:ffiit LTfcVNX. znizmmojtB 

i/iUZ. PT0R162 ±{Cte^>T. i3±^^t/:ym^B^tmU(0j&B^t:%ll'^<DT 

s^^mm^ izmxLj^-^t. -r -sMMoaife^ti . -fg is^ s ti s % © t i± *c < 
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*»t)5^wi^e>lclS^5^5tlS%(D■^t±^cv^. 
^F^il^tST^ny^i'-ry ^AJSaeSii LTt±. 4#lc|S3£^5n>5c<.^*«, Agroba 
cterium tumefaciens Sr^^ L < ffiV^-S w iirft^'C^S. 

-f^X^ K^ Agrobacterium tumefaciens ^<DT i^nj<^ f V M^MMMi^^ 

a G. et al., 1980; Proc. Natl. Acad. Sci. USA 77:7347-7351) tZiiV^^Z 

is6, ^^miz^^^xit. ^^mmmtzmxLj:-^t'r^^Wi'it. ^^(Dms 

mm.m^yiruj^i^T'v ^M.mmmii^izisim-&'±^zinzj:*)n'^ziii>i'Q^ 
i9i%^?s$s«:iissL. w(DSS»M'f=>(c:@^;!g«fi& 3~i oi^ffls&smm. 

mr^zinzj:*)ntzi:i^'2^^. 
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mmm± 

(1) mummm.u<omn 
(i) -r^daa 

-f ^<0^J8ia^«: 7 0%a:^r>'-;i/jc 1 %»;a£<^^K:^ h U A tz 3 

lf^»$>3i(Chu C.C. 1978; Proc. Symp. Plant Tissue Culture, Science Pres 
s Peking, pp. 43-50) , 1 B / I iJ-^ ^ J Wts 2 m g/ 1 2,4-D. 3 0 g/ 1 2/ 
aH, 2 g/1 y^I/^-f h) trSffcbfc. ^im^^mm^4 B BlzM^ 

(iii) ^mMiig 

N 6 (o^mmwtmmRzTWi&^m. n e tr ^ ig/i^tr^yg?, 20 

g/ l 2/a«|. 2 g/1 y;i/5-f h) {cg0^L, :^SI3 Ig«g4)- 

(iv) a»ffiiai^. aj^*;!/?. 

(iii) ®*?SfeT?#>b«l«i«b#**e>S^ffi©^fe«gSPS: 5- 1 0 mm«J U ffi LTtJ 
i^iltfc. Z:ne»(3D«|ffit2N6@#^fl&±T?«Sl23aiS^MLT#*:*;l/ 

(v) ^^^^iRHlig 

(ii)(D^riS'e#>^-ESi6*05b;i/XS:AA?««C^^ (AA^H^mi^JS. AAT^ 
y'SK^HtFAAi;^ ^ :y||g(Toriyama and Hinata 1985; Plant Science 41:179-183. 
MSt9[5i!^ (Murashige and Skoog 1962: Physiol. Plant. 15:473-497) , 0. 
5 g/l iJ^^^m. lmg/1 2,4-D . 0.2 mg/1 5=^ 0.1mg/lS?^U 
2 0g/lS/aM) IZ^L. 2 sr. B&MTTl 2 0 r pmTJiiMl-^:: 
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-12- 

(2) T i -/^T^^ K (A-f-i-V-^^^-) 

yN>f ^rnv-rs/^^fifci^jte^^ (HPT) RXf0-D-ir)Vi7n:=.'!f-^ (G 
US) ite^trT i K®T-DNAM^^^Ciffl».3i^;^£, JiKr(0-:fy7s^ 

(i) PIG121 HB:fcv®*^f 5— ifae^®^ WvHPi/fe^tJGUSJtfe^i: 
, yN-f ^ra-^-f s/>filfi:ffijfte^i:3EieLfc:?^5x^ K 199 1 : «t 
ifeyW2^7^^>' ns?-ll (mf^-fb^iiflJv pp.123-132) , iS^M:^^, tftifftJ: 
»JA#) . 

(ii) pTOK2 3 2 : 
K 2 2 9 ^<OSA 

Tn TfijfeCDJJ^-^^f-y-^-f S/>ffi»itt«e^F-«:-&tfC 1 a I Wf-^ (2. 5 k 
b) =1:^' U'y'-iaSl-iy^^Sr^tf'fbt, w*l«:pUCl g^Sma IgPfiLH 

TOK107 (5. 2kb) p T OK 1 0 7 Sr E c o R I , Hindll 

I X^mmL. 7.>^^g=->'v-f S/:/Stft^i3te^«:■&t^2. 5 k bWf;t«:pGA4 
82(OEcoRK Hind III m)^ (2. 7kb) iljiifgL. T.^^' v-f 
i/>^Jn;tejte^i:H i n dill . H p a I SP^'&'&tJ p T OK 1 7 0 (5. 2 
k b) ^ntz. 

jSLfe'^^^ — P I G2 2 1 (Ohta S. et al., 1990; Plant Cell Physiol. 31 
:805-813, ^SSMl^^^fWA J: ySI«f) =fe E c o R I "C^JWr^^ J: 
y^iSfe^tt-fbLH i n dlll U>*— (pCAAGCTTG ; ^*7?BJi3- 
K4 6 6 0 P) ^ifALfe. 3 5 S:/n* — ^— Rtf-r >hn>GUS«r-^t?»r 
it^H i n dlll {i«fc»J^y aib, 3 5 S zfn^-'i>-izj\>f ^U^ ^ i/Z^mW, 
iijS'G^-Srjl^L^"?^^^^^ KpGL2 (J. Paszkowski, Friedrich Mieocher 
Institute i:yA#) COH i ndlll gpfi A L P G L 2 - I G (7. 6 kb 
) Jfefe, pGL2l±pDH5 1 (Pietrazak et al., 1986; Nucleic Ac 

ids Research 14:5857-5868){z/N-f ^nv-f S/>^fftft3te^(Gritz L. and Da 
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vis J. 1983: Gene 25:179-188) feif AL;^*OD"T?*>S. pTOK170=SrHp 
a I^aLT#e>*lfe»f-^T-SrpGL 2 - I G©P v uIIBW-^ (5. 2 kb) 
i|gLpTOK229 (1 0. Ikb) ^mtz. 
2) X-yt— /^-TtM;-^^ ^-p TOK 1 6 2^0#A 

y^^-^y-^^^».,;3^^|g|^7.^ny^^^y ^^A2 8 1 m^<Dv i r 
V i rC, V i r GJBe^Sr^ALT#^cX— ^'t— A-f :^-U-^^iJ-p TDK 

^ KpBRS 2 2 {r*3f5-r J^--?^ ^^y^^-f i^^. :*!7-:^V'f 2/ 

-f >hni/GUS3Se^*««ai!(^a4ixfc:^5y^^ K=fepTOK2 3 2i:llf4? 
(@1#J1) . 

(3) $±T^nAi?7^y A 

T-DNA 5: gdJ^ L , LBA4404 EHAIO 1 ^ $r $ ^ x U y i: b T ^ffi 

L>^c. LBA4404{i^;l'>'<— y^X^ K ( vir^S«;fe^:^«:J^Tifo) PAL4404=S: 
3fe"i-'5ffi^T?*>y» American Type Culture Colletion J: »J A^rTIB'^^'S (A 
T C C 3 7 3 4 9). EHA101ti^;Wt-7^57. ^ KO vir1i«*«3i*IMttT ^ 
nA^-fU ?>AA281fi*T?&»;, Hood E. E. et al. 1986*»e»AMIBT?*«. 

(2) ©A-f :>-U-^^'^-;&Ztl«?)2 mm(DTiraJ^ ^v-V^ 

iruAiP7'VKfj:^izm>^'r^:^mitm^S(D=,m^m^m (oittac. etai. igso 

; Proc. Natl. Acad. Sci. USA 77:7347-7351) t J: -afc. 
LBA4404(pT0K232) 
LBA4404(pIG121Hm) 
EHAlOl (pIG121Hm) 

js-arn-^^ i/>{50 Atg/ml) tiJi-^^iyyiSO fig/m\) t-&bAB^«i( Dr 
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lica R. A. and Rado C. 1. 1974; ProJ^'Natl Acad. Sci. USA 71:3677-3681) 
7^h^>Vy^>^ lOOAtM Wita. pH5.2)ll^«t. atgESr 3-5X109 Bt^ 

(5) mrn^kH^ 

a«L>^c. iftsiijasm. mmmsi^ii loo^iM T-fehi>y>^>^ log/i i^^i^^- 

^, 20g /lS/a«|%-^t»N6S3H{*^%(l/2 N6 ^^fm^^ N6^Sife^. N6 
bf^ ^ Chu C.C.1978, AAT^ >'i?(Toriyama and Hinata 1985), 1 g / 1 
^if^ym. 0.2 mg/1 NAA, 1.0 mg/l*-f 3 g/ 1 y;W5-f h) K 

ig^T'-^t/ 2N6@<*:^%{-i^ttL. 251C, HfHT-C 2 ~ 5 9 M^«b*:. ^Oft 

(6) GUS%{£(0ig^:£r2g 

^■U^mSBM^'^^ ia«840. IX Triton X-100 Sr-^tJO.l M U (p 

^mw^^\^ti^^ 0.1 mM 5--7n^-4-:i7pn-3->f >KU;u-^- 
(X-gluc) ^ttJf2 0 %^ 31 >/-;V5:-^t/ U>S?M«?a«:^inL>^z 

(7) mmMmsif^. i&.u<omWi 
(i) 
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^■&t>N6 S 3^«T?2MK^IiL, ^SLfe^lSifflJSI* 4 0 m g/ 1 /n-T i^n 

(ii) EM 

3 Bmi^^^^LtzSE^^ 2 5 Om g/ 1 -^y * M.i^t} 2 N 6^«&Tr 1 

Mra^«L>b^, 5 Omg/ 1 ys-r i''DV-i'i'>«:-g-t?2N6^%-ej^Stegilffl 

(iii) ^MMI9^ mmioJ]^:!^) 

3 Sfa^^#:©ilLfe«f||ja«|Sr, 2 5 Omg/ 1 -fe^ * tJ^^S/ASr-^tf 2 N 6 

mmx^imfsmmi.fzmi. m^mmm^s omg/iyN-rt/av-<2^>5r-^t?2 

mm) . #t»tife®iiT:i4iffi*Sl=fe^5€>(c5 Omg/ 1 v's-r ^□v-<s/i/=fe-&tfN6 
-12mm iJ^emmmm. Netr^f^vs. 2 g/i ^-r^ys^, 0.2 mg/i 2 

,4-D. 0.5 mg/l 6BA, 5mg/l ABA. 3 0 g/ 1 V^l/tT ;K 20 
g/lS/3«l. 2 g/ 1 '!f;i/5-r h) •e2'-3 3SP^^3IL (2»;^^) , Z<D^ 
%_h-CfiJiL/c:*7;l/:x>% 0 , 2 0 ^ 5 0 m g/ l d v-f S/^^fc-^jD^g^^c^ 
^ffl^^N 6 S 3 izmLtz. /ife, ^^#*&SI^CD^^{c{i±T 2 5 0 m g / 1 -fe 

(iv) ~ 
5 Hra#l#;^||bfe|g|S*&«aBISfe 2 5 Omg/ 1 -b^ * ^^^S^ASr-^tJ 2 N 6 
13iir^^ilL>^cm, 5 Omg/ 1 ^'x-T i^n v-f 2/i/=&-^t? 2 N 6^«fe-ej^ 

(8) J^S4gSi2>:1B:fttcfelt«.giAafte^©IS31 

tfc. J^HlE^»:1fi:f^fl[)a^*#2 OJK-tJoSlitL, j!8?J3MK^®®f**^> 

(9) •9-»f>^tzJ:^?iA3te^04}"|ff 

&m. motlt. B(D^(D}^nmmW^i^tZ'D\,^X, /m^<D:^m (Komari et al 
1989; Theoretical and Applied Genetics 77:547-552) iC^ei^^DN A* jftttJ 
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e^S:-&tfHindniWr>i-OgS{±, *9 5.5 Kb T?*) »J , Z. ©1Si^(DT - DN A(D|^ 
aj<DHindin'9--r h**6 LjK— ^f-BB5?>I©5^5S*"e(DDN A^i^(D:gS tt. iKJ 5.4 
Kb (01) . 55:*$. If-tf^ifeU-oVNTfiMolecular Cloning (Sambrook 

et al. 1989; Cold Spring Harbor Laboratory Press ) {ifaiK<05^ffifct«£r3T 

(lo)-f if>X'<o^min(Dm^izj;i?>^B'f-mx^^ m^mm^iz^i-f?>G\j s 

:: ^mm^<Dv i r1S^$ritoT^DAi?5^U AEHA 1 

pIG121Hm (J:^) &aiAb>bffi€:-r :?vaa^©3fc©«* CDfflSStiftiaL, 
lim(2GUS^1£«rll9^t;^c. KM. ^miJ)^::^. KM 

OA^xU '^AEHA 1 0 1 (pIG121Hm) T'^S L T^ci^^tc {±, «>S 1^ < ffi^il 

T? G u s (oi&3a3&««Es n*: . mmmMsm izM-r »fe & s-r a mmcDSii^T? {± 
J: yiMJ®4^f^®?g^ii«ig«.^3!aifill^cae^*«^A^^n^1-^^c^ fe^jget-sticDT? 
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^1 mm(^^i^^zG\jsmi=f<m^3m(sm:M<D^ 





GUS+£?^§M/MI» (%) 












0/3 0 (0) 


10 9/157 (69) 


+++ 




0/2 0 (0) 


0/3 0 (0) 






0/3 0 (0) 


24/1 15 (2 1) 


+ 




0/5 0 (0) 


8/8 9 (9) 


+ 




0/14 1 (0) 


3 12/395 (79) 


+++ 




0/2 3 2 (0) 


61/247 (25) 


++ 



+ : l%JgnN ++ : 1-10%. +++ : 1 0%^ 
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Z<0^^'Q^mLfz^'i-^')-V-^^^-p I G 1 2 1 Hm-e{iGUSJte^(D 
9 9 1). T&.l.QiZ.iLii^h. ^#«fll^(DGUSite^of|3S**§Si:Lyi:«^ 

iWfla©*i5ij5«S«>e>ixfc (^2) . **:3iS$*t>i:i!fflia{±, GU Sifter Sr-;^ 
{-^3^Lfc. GUS^^CDDiaE-^iSi,Njte^^A«>^«:^L>bmiI 

fern, S0t1£«aiBI*«it5it-r'6;t«>Jitt, 5ftfe^*«|S€,tifc^g;i§ttc3IA*n-5ig:i 
w 3ix«?>(DZi:i^e>, Gould et al. (1991) m:»J^^ 

fe. Raineri et al. (1990) <n-^mzm^. ^4: ol-t/cE3SS:«^ffljgii: LTjt 

e^=^3iAS:i«i?^/c*«, 3fie^astAS6*oiHi±t±*e.*i-f, j^KteijSi!fflji!a%#^*t 
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y\-r v-f i/ 






C (%) 








mm 


0/ 


2 0 


(0) 


0/ 7 7 


(0) 


mm 


0/ 


3 0 


(0) 


0/128 


(0) 




0/ 


5 0 


(0) 


1 6 9/7 4 3 


(2 3) 




0/2 5 0 


(0) 


2 2/2 5 4 


( 9) 



(12)-f :^®a@{iJ:«3te^l»A«»^©jSvN (^#^«m{cfett«.G U S5Sm) 
^ (Mikami and Kinoshita 1988; Plant Cell Tissue Organ Cult. 12:311-314) 

, T^pA^^T^y !>Aii LTliEHA 1 0 1 (pIG121Hm) RtFL B A 4 4 0 4 ( 
pIG121Hm) ^m^^t:.. 

3i/k*yej±z:nJ:»J<SVN^T?GUS?gfSA«^«)€,ix/c (^3) . $eoT, E 
HAlOl (pIG121Hm) feS V^{±L B A 4 4 0 4 (pIG121Hid) ^r^feJl•^^- 1± 
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S3 T^^o/<^xy':7AO|^<t'r4ig^<Z^^CJ;SGUSig(5?<0#7^ 







GUS 




t (96) 










m. 


I£A4404(pIG121HiD) 


EHA101(pIG121HiD) 


I£A4404(pTOK232) 




1 


6 7/7 0 (9 6) 


7 8/8 7 (9 0) 


6 4/6 6 (9 7) 




2 


7 2/8 6 (8 4) 


6 8/7 3 (9 3) 


8 2/8 2 (10 0) 




1 


46/135 (34) 


43/1 16 (37) 


12 4/1 3 1 (95) 




2 


28/107 (26) 


81/143 (57) 


10 2/103 (99) 
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EHAlOl (pIG121Hin) ti^^l/v^-^^X ^ Kngfi3ll®ttT^D>'^^'5^ U »> 
JxA2 8 I (Dv i T^m^W-^, LBA44 0 4 (pIG121Hiii) ii®^® v i r M 
*^*J^o. — LBA44 04 (pT0R232){±^;V/^--:;/'^7. ^ K©v i T^1$i 
{±3iSMl?***«. >'W:^U-^i'^f-nafe^M147^Pv^i^7^i; «> AA2 8 1 
®v i r^igg©— aJ<Oite^*^*r«. -^-LT. CKOA-f -MJ — if— tipTOK 
162 LBA4 4 04 (pTOK162)li5R^3i'f^^|SjOi4»T?t)Jg3t 

teg|eD®lt35ett«&a(c@»Tiif^7??gSl£m^Rrieil Lfc (Saito Y. et al.. 1 
992; Theor. Appl. Genet. 83:679-683). Z(DJ:-olZ. Sfe^MtttDv i r^^O 

S^i^MttCDv i r^^=&jt;tJa:i.^LBA44 0 4 (pIGI21Hm) 7?*)Maai:% 

K tcSft^Mli® V i r *|#oEHA 1 0 1 (pIG121Hb 
) y<D«A2fS{±-^^±#L;t. >'^-f U — ^» — tStlJIMtt© v 

i r*i^oLBA44 0 4 (pT0K232)T?(±3S/t:5!7 y T%^©3fci:ll3^tC 9 5 % 
^J:<D^i(aTGUS?g|4*tK4r)f,ti>t (^3) . GU SStt^atf ^ti 

"€^*iOiiai^-e<D«-fe^^(D®ef{cMLT{±, LBA44 0 4 (pT0K232)T®%^ 

( 14) © jfi v^ t= J: S S^^^ (y\ -f ^ o ^ -r * ;V X ) 

;VXCDtfl3a^{rBaLT{±L B A4 4 0 4 (pT0K232)A«§%ii5< , ^$tf4:*;i/XCD 

Mm^izmr^&mmMmitf^isbi^ti^j:i)>':>tz (^4) . lba44 0 4 (pigi 

21Hm) *>«VNt±EHA 1 0 1 (pIG121Hm) (O 2 0(Dgf3^-ei±, SS!^lifi<. S 
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^'f-V-^P'^-'iZ^mm^CDv i rite^®-aPS:}#-:?LBA44 0 4 (pTOK 
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^4 T^o/f^rf-y '>AO|^©a«.^jtJ:*J^!M^®ft^oa''^ OHS*^!'^) 













atnS. 




LBA4404(pIG121Hn]) 


EHA101(pIG121HiiD 


LBA4404(pT0K232) 




1 


91/338 (27) 


1 3 9/3 0 1 (4 6) 


1 6 9/305 (55) 




2 


59/42 1 (14) 


66/425 (16) 


1 1 0/3 6 0 (3 1) 




3 




1 0/5 2 1 ( 2) 


17 4/644 ( 27) 




4 




2 0/3 4 9 ( 6) 


10 0/349 (29) 


3 e/t* y 


1 


6/269 ( 2) 




6 5/2 8 3 (2 3) 
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^^■rn^mwtmmLti (^s, ^e, ^7) . Jife. r^oA^xU'jA-e 







Gu saie^ofis^ 












1 


2 6 


2 5 


1 


0 


2 


8 


r 


1 


0 



( mW(Dn'»^t * {r t± >'N -r ^ n V -r > s: ?sin) 
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LBA4404(pIG121Hdi) 


3 


1 


1 


EHA101(pIG121Hm) 


2 0 


17 


1 0 


LBA4404(pT0R232) 


2 0 


1 5 


1 2 



^7 ^Pv-f S/>^fa1±*;i/AA*e>f}4)"fbLfe*i#j{cfeW'5GUS 











GUSRgtt 


LBA4404(pI6121Hm) 


1 9 


5 


3 


EHA101(pIG121Hm) 


1 1 


4 


1 


LBA4404(pT0K232) 


1 9 


1 1 


1 1 
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(16) mn^^w<om^^^j:ifm^n.i^ 

?^S^gl<*<0±DNAS:Hindin-Tf«JWTtfcDNAWfJi'lC^t"t, HPTjte^'& 

tz, ^(Oi^M, ^|^L/b:^T(Dffl<*:Tl~SC3kr-©3IAite^<Z)#***^«)'^ 
(«8, ^9) . :3^57.^ KpT0R232 ©(t»"e{±H P T5te^«:-&t>Hindni»f 
^t± 5.5 Kb t:$>^<DizMhs mUL^ir^X<DmMnWkmzit. «5I 6 Kb }ik± 

^^(Df!3a%s«>e»nfc. 4^<<DmmxiiJ^^ irw^^ci/i^t&m^. Gusjte^ 

©?g«tte»3&«S 1 - 2 fcJ:if 3 - 2 li. 5^J8lii:**e> 2H^fi^±o?I^Aae 

CD2- l(Dj^M^gl<@<*Jt?l±, 2 3tr-<D^A3«e^©#ft*5tSbfe*«, 3® 
^t.(3!)-*©/^>K{i 5 Kb J:y^v^»r;i"^fey. T-DNAds^^±^cJ^-em 
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t/2 ntf-T'^-p^b 1 6 cCD?!>:lS:f^2li^i^{ioVNT. GUSUft, GUSjgE^t, 
. 2 ntf-®^IA5te^«rJt-:>m«S 1 6 c {roVNT%. GU S l^life J:t>VN^ ^ 

aBJia<omt-Jffl»5i*n. ^>5*;K0JSfl!l{c«eoT. ^f^lc3tfiLfccl^=feati-'fe 
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GU S^M 














0 


6 0 


0 


2 0 


1 - 2 


2 


3 0 


0 


1 9 


1 


2- 1 


2 4: 


64 


2 6 


1 3 


5 


3-2 


2 


5 9 


1 


1 9 


1 
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0 


6 0 


0 


2 0 


1 


1 


4 6 


2 6 


1 5 


5 


2 a 


2 


3 3 


1 8 


1 3 


5 


2 b 


2 


3 1 


9 


1 5 


5 


3 


2 


2 9 


1 0 


1 6 


3 


4 a 


3 


2 2 


2 1 


1 3 


7 


4 b 


3 


48 


1 1 


1 6 


3 


5 a 


3 


2 6 


1 3 


1 7 


3 


5 b 


3 


3 6 


14 


1 7 


3 


5 c 


3 


24 


9 


1 7 


2 


D 




4 7 


1 3 






7 


1 


5 6 


2 0 


14 


5 


8 


4 


4 5 


2 2 






9 


1 


5 2 


1 8 


1 8 


2 


1 0 


4 


5 3 


1 0 






1 1 


2 


7 5 


1 5 


18 


2 


1 2 


3 


4 4 


7 


1 4 


6 


1 3 a 


2 


3 3 


1 8 


1 5 


5 


13b 


2 


3 2 


8 


1 3 


7 
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^9 m^) 













GU S»3^ 




mm. 








14a 


1 


7 2 


2 0 


1 5 


5 


1 4 b 


1 


2 6 


1 4 


1 0 


1 0 


1 5 


1 ~ 2 


2 2 


7 


1 2 


8 


16a 


2 


3 1 


1 0 


1 5 


2 


1 6 b 


2 


3 2 


8 


1 4 


3 


16c* 


2 


6 9 


24 


1 3 


7 


1 7 


6 


8 9 


4 1 






1 8 a * 


1 


3 5 


5 


1 5 


5 


1 8 b 


1 


7 0 


2 0 


1 0 


1 0 


1 9 


2 


4 7 


1 3 







(1) h'^taas/aa 

h 9*ED3i/aaA188. Fl (A188 x Black Mexican Sweet), Fl (A188 x B73Ht) 
Fl (B73Ht X A188), Fl P3732 $rMi|^i: UTS^Lfc. A188. Black Mexican 
Sweet. B73HtCDV^■ftl<D#aal±S*t:7KM«^®!SM^9f^m*^e»> P3732 

(2) ^^f^nmmmo^mm 

iSS^KT? 3 Iel?5fe^^^. LSHi*:^* (Linsmaier and Skoog (OflkW&m.tf\i^ 
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^ >^ ; Linsmaier, E. and Skoog, F. 1965: Physiol. Plant 18: 100-127, 10 
0 mg/l^-tf^yg?, 700 mg/l:?^a i; 20 g/li^am. 2.3 g/1 ^Jl^^-fh) iz 

^WiB^ L S D 1 . 5 (Linsmaier and Skoog (OMM^iSJ^trif^ ^ > 

m. lOOmg/l t)-^^^m. 700mg/l U 1.5mg/l 2,4-D , 20g/l i> 3 iBI, 
2.3g/l>tr;U^'f h) tcSf^Lfc. 35SP^^«m, J^fiK* tt^bEfiSS**;!/;^ S:J!^^ 

(4) y^DA^T^y "JAomi^ 

^JfiM Hz^LtzT^a^'i^T-VK? M^omW^O "5 *> . LBA4404(pT0K232) te J: tFEH 
A101(pIG121Hm)&ffit^yS:. 

(5) T^TDA^^-r V^-iv^^JKOlSM 

irU'^-( t/> (50 mg/1 ) iii3i-^-f (50 mg/l ) «:-^tJ A B^flfe±T? 

3-10 0ra^^tfcT^DA^xy!:;AflD3Dri-se^:?T?*^gi:»j. ^js 
lumuizm^'^tz., 

04)-ra?tmLfe. m^mm^, 100 AMy-bhi/y >=f>, 20 g/i s/Bm. 1 

0 g/l ^;l'3-;i^^-^t/||SiELS@i|:^% (Linsmaier and Skoog <DmW^m.m. 
Murashige and Skoog <D\£^ : Murashige, T. and Skoog, F. 1962; Phys 

iol. Plant. 15:473-497. 0.1 mg/1 *-f*g=->, 1.0 mg/1 ijif^^m. 2.3 
g/l y^W^-rh) izUmV. 25'C, fi8BJTT?2~3 HF5^«L;t. 250 

(7) *;vx^ogia, 
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L, raJgft(D-lr7*i'#i'Afe<i:tr30mg/l>'N-< i^nv-r 2/>=fe-&tiL S D 1 . 5 

(8) GUSS{4(Diaac:&?S 

( 9 ) ^®m«g'^(OJEe^^A 

Gould f>a)S# (Gould J., et al. 1991: Plant Physiol. 95:426-434) tcJ;S 

Sa^CD T^UJ^^y-^)^ AHI^EHAIOI (pIG121Hm) * mil b fc^IRiiaM f-M t , 

L fciffl«$-ei±^T?^*l t >b«Pd^t-G U S 3te^<D^^*«/^S ^C^*^l-^«> ^ tifc 
. L*^L. ^®mJg^tMlt>b«'KJ<*-eGUS?Si4«:ll3i£L;^i:w5. GUSJt 
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^10 h D 3 i^mmMm^<o^u^mx 







JTft I I * 


Ilea r I 


GUS ¥&W,(09f^^titz 


1 


2 4 


9 


2 


0 


2 


1 6 


8 


6 


0 


3 


1 7 


1 3 


5 


0 


4 


1 4 


1 


0 


0 


5 


4 5 


14 


7 


0 


6 


3 2 


1 4 


8 


0 


7 


3 0 


7 


1 


0 



#^l*n1iaiit^T*vt> P 3 7 3 2 



(10) h'?=En3 2/©aafcJ:tJf^K0^{c<t-5Jtfe^P^A^^<D3Sv^ 

#^s^bf=v^•fn<3DSla•e=b?ii0^^?Gusjte^=•©%3S*«*^^>tlfc. ehai o 

1 (pIG121Hm), L B A4 4 0 4 (pT0K232) (D||mr^-T?(D3ft€d^%il^^(D||{iS 
«)e.*i<£*>ofc (^10) . ft!!S*;v;^t-*ff 'SGUSSJ!feaJ^«D:^#;^5=b 1 0 

^'i^O>'^-f — P I G12 lHmfeJ:t;pTOK232{±GUS 

•tK«) tife G u s jte^onmii. T A ■T'- y 9 i^ I- <t y ismaeTjte^ 

tto ^O::?^^ (Lupottd, E. and Lusardi, M. C. 1988; Maydica XXXI II: 163-17 
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^1 1 h'>^D=ii'7!7;i'X^CDGUSae^®^A3l^^ 







Gus+©*;vxsc/toa*;i/xa (%) 


A188 


1 


32/35 


(91) 


A188 


1 


34/34 


(100) 


A188XBMS 


1 


41/49 


(84) 


A188XB73 


1 


35/42 


(83) 


A188 


2 


39/40 


(98) 


A188 


2 


40/40 


(100) 


A188XBMS 


2 


38/40 


(95) 


A188XB73 


2 


31/40 


(78) 


B73 XA188 


2 


29/35 


(83) 



BMS: Black Mexican Sweet 

l:EHA101(pIG121Hm), 2:LBA4404(pTOR232) 
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3 . m^-i-mmit^^ :^s-e*,s»^3K i mmc^ism. 

5. wifBTi^D^'^^T^y 9 Ajg«B®t±» T i *fcttR i y^;?.^ K&jfoT^ 
D/^^-f- y AJili!ffl®'T?fer3T, Agrobacterium tumefaciens <0T i '^'yT.^ K 
pT i Bo 54 2(D»?'Y;H'>;^^l^**<0DNAWf^«r-^t?y5X^ K*5»A 
\.tz.T ^UJ^^^ y ^7 AMSaMT^SIt^^ 1 L 4 VN-fn*^ 1 3®{ifB«g(D:& 

7. iof3Ti''n-^^.^T-y AjgilfflMli, Agrobacterium tumefaciens T?*-Sf| 
1 VN L 6 <D ^>-f ti** 1 ]g{cf3«g(D*"1S. 

8. ?gKiggligf^tc^^N«>Tirny^^7-y ^;Aj||iNB®<DMIiaf*«l 06 ~i 0 

f 'Sft:^^® 1 <j: v> L 8 <DV>-f n*^ 1 ]StilBI&0^rS. 

L 1 1 1 jg{rfaa(D56r^*. 

1 3. ^mmA^jEn^mw^m&irtni^^Mt^tm'^th^m^^it^^'^ 
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b 1 2<DVN"fn*^i^tciatfeG):3^^£. 
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